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Abstract. This paper aims to quantify the level of digital transformation of com-
mercial banks by big data mining and employ a multiple linear regression statis-
tical model to verify the correlation between digital transformation and the sta-
bility of banks. By analyzing the unbalanced panel data of 42 Chinese listed com-
mercial banks from 2013 to 2021, we found that the digital transformation of
commercial banks can improve the stability of banks significantly, and this con-
clusion remains valid after considering potential endogenous problems. Capital
regulation can enhance the impact of digital transformation on commercial bank
stability.
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1 Introduction

In recent years, emerging digital technologies have developed rapidly and been widely
used in various industries, driving society into a new era characterized by "digital." The
integration of digital technology and financial products has changed traditional finan-
cial services. For example, it has changed the pattern of payment, lending ecosystem,
and wealth management products. Digital technologies have brought many benefits,
such as efficiency and convenience, as well as significant challenges to commercial
banks. Fintech enterprises compete with commercial banks in the financial sector, forc-
ing banks to improve customer service capabilities and competitiveness by digital trans-
formation (Cappa et al., 2021)!!]. Studies have shown that digital transformation en-
hances bank performance mainly by reducing costs and expanding customer coverage
(Fuster et al., 2019); however, how it affects banks’ soundness remains unclear.
Theoretically, digital transformation can affect the stability of commercial banks in
two ways. On the one hand, commercial banks can improve their ability to acquire and
process data through digital transformation (Huang et al., 2018.)[), which can alleviate
the problem of information asymmetry between banks and customers, improve the risk
control ability of commercial banks, and improve the efficiency of commercial banks
(Fuster et al., 2019)], which will be conducive to the stability of banks. On the other
hand, digital transformation involves substantial costs, and commercial banks also face
technical and regulatory risks, which will undoubtedly harm the stability of commercial
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banks. Therefore, studying the impact of digital transformation on the stability of com-
mercial banks is very meaningful.

The innovations of this paper are two folds: Firstly, we measure the digital transfor-
mation level of China's banks by text mining technology, providing a valuable reference
for studying the banks' digital transformation degree; Secondly, from the micro per-
spective of banks, we reveal the influencing mechanism of digital transformation on
the stability of commercial banks and enriches the research related to the digital trans-
formation of banks.

2 Data and Methodology

2.1 Data sources

This study obtains data from annual reports of commercial banks and the National Bu-
reau of Statistics from 2013 to 2021. In order to ensure the reliability of the results, only
banks with at least five years' available annual reports from 2013 to 2021 were selected.
A total of 42 banks were selected in this paper.

2.2 Data description

Dependent variable

We use the widely used Zscore as a proxy for the stability of commercial banks
(Laeven & Levine, 2009)., The larger the Zscore value is, the more stable the com-
mercial bank is. The specific calculation method of Zscore is shown in Equation (1).

ROA+ETA
(ROA)

Zscore =
(D

ROA, ETA, and 6(ROA) donate the bank’s return on asset, Equity to Asset, and the
standard deviation of ROA, respectively.

In the robustness check, we also use the ratio of non-performing loans to gross loans
(NPL) as a proxy for the stability of commercial banks (Bian & Deng, 2017; Kim et al.,
2016)15161,

Independent variable

Digital transformation is a process by which banks use digital technologies to finan-
cial products, organizations, and business strategies (Xie et al., 2023)[1, Therefore, we
measure the digital transformation of commercial banks from three aspects: digital
technology application, digital products, and digital organization. In the dimension of
digital technology application, referring to the practice of Zhao et al. (2021)!®], we count
the word frequencies of "digital," "electronic," "intelligent," "big data," "blockchain"
in the annual reports of commercial banks. The higher the frequency, the more banks
attach importance to digital technology, and the higher the level of digital transfor-

mation (Xie et al., 2023)[7]. After obtaining the word frequency of the keywords, we
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use principal component analysis to synthesize the digital technology application index.
In the dimension of digital products, we obtain the relevant information on whether
commercial banks have launched robot advice, supply chain finance, e-banking, and
online loan products from the annual reports of commercial banks and their official
website. In the dimension of digital organization, we obtain the following information
from the annual report of commercial banks and web crawler technology: whether to
set up departments related to the digital transformation of commercial banks, whether
to cooperate with Internet enterprises, whether to have directors, supervisors, and senior
personnel with an information technology background.

Based on the above three dimensions, we use the principal component analysis
method to determine the weight of each sub-index in the comprehensive index and, on
this basis, construct the comprehensive index of the digital transformation of commer-
cial banks.

2.3 Moderate variable

This paper uses capital regulation as a moderator variable, and We refer to the practice
of Jiang et al. (2017)P! to construct the index of capital regulatory pressure faced by
banks, as shown in equation (2).

1/CAR* —1/CAR ,CAR > CAR *

CR = { 0 CAR < CAR* 2

where CR, CAR, and CAR* represent the capital regulatory pressure faced by the
bank, the actual capital adequacy ratio of the bank, and the minimum capital adequacy
ratio required by the regulation, respectively.

2.4 Control variables

This paper adds control variables which might have impact on the stability of banks to
improve the research accuracy. We include the bank's lever ratio (LEV), non-interest
income ratio (NIIR), return on equity (ROE), gross loan growth rate (LGR), and gross
deposit growth rate (DGR). In addition, we also control some macroeconomic varia-
bles, such as M2 growth rate (M2), inflation rate (CPI), and GDP growth rate (GDP).
The descriptions of the variables are listed in Table 1, and the variable statistics are
listed in Table 2.

Table 1. Variable description

Variable Description
Zscore The ratio of the sum of the equity ratio and the ratio of return on assets
to the standard deviation of the ratio of return on assets

DT Measurement of digital transformation degree by big data mining from
the annual report and official website

CR The inverse of the regulatory minimum capital adequacy ratio minus
the inverse of the bank's actual adequacy ratio
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LEV Equity capital to total assets ratio

NIIR non-interest income divided by total income
ROE Net income divided by total equity

LGR The gross loan growth rate

DGR The gross deposit growth rate

M2 Broad money growth rate

CPI Consumer price index

GDP GDP growth rate

Table 2. Summary statistics

Variables Obs. Mean Std. Dev. Min Max
Zscore 369 5.003 0.795 3.132 8.079
DT 369 92.041 38.838 0 184.387
CR 369 0.025 0.007 0.008 0.051
LEV 369 0.072 0.011 0.042 0.103
NIIR 369 0.203 0.102 0.146 0.511
ROE 369 0.136 0.039 0.056 0.263
LGR 369 0.162 0.067 0.014 0.464
DGR 369 0.127 0.076 -0.064 0.453
M2 369 0.104 0.205 0.081 0.136
CPI 369 0.020 0.006 0.009 0.029
GDP 369 0.066 0.017 0.022 0.0884

2.5 Modeling Specification

Considering the previously theoretical and empirical studies, we specify the multiple
linear regression statistical model as equation (3). To investigate the moderating effect
of capital regulation on the influence of digital transformation on banks’ stability, we
specify the following model as equation (4).

ZSCOreit = Qy + alDTit + azBSit + d3MSt + 61 + 9,: + Eit (3)

Zscorey = ag + a1 DTy + a,CRy + a3 DTy X CRy + ayBS;; + asMS, + 6; + 6, +
Eit “4)

where i and t denote the bank and year, respectively. Zscore;; is a proxy for the
stability of bank i at t period, DT;; donates the degree of digital transformation of bank
i att period, CR represents capital regulatory pressure faced by banks, BS denotes
bank-specific control variables, and MS denotes macroeconomic variables. Finally, §;
and 6, are the bank and year fixed effect, respectively, &;; is the residual error.
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3 Empirical Results

3.1 The benchmark regression result

Before the regression, we conduct the Hausman test to determine whether the random
or fixed effect models should be used. The p-value of the Hausman test is 0.0000, which
rejects the null hypothesis of the random effect model. Therefore, we use the fixed
effect model. Table 3 shows the regression result of equation (1), which explores the
relationship between digital transformation and the stability of commercial banks. Col-
umn 1 shows the results without adding control variables, and Column 2 represents the
regression results with control variables. The coefficients of digital transformation (DT)
are all positive and significant at the level of 1%, suggesting that digital transformation
might improve the soundness of banks. We enploy the non-performing loans ratio
(NPL) as a proxy for the bank’s risk to add robustness and credibility to our findings.
Column 3 shows the regression results for which the explained variable is NPL. The
coefficient of digital transformation (DT) is negatively significant at the level of 1%
when we replace the dependent variable with NPL, which shows that our findings are
robust.

Table 3. Impact of digital transformation on the stability of banks

Zscore Zscore NPL
Q)] () 3)
DT 0.0070™"" 0.0099™"* -0.0033"*
(6.85) (3.09) (-3.55)
Control Variables No Yes Yes
0.8699 3.0793™
—cons (0.86) (8.11)
Bank fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes
Obs. 369 369 369
Adj. R2 0.7364 0.8136 0.7941

3.2  Endogeneity concerns

Considering that the digital transformation of commercial banks may be a rational
choice made by managers to improve their stability, there may be a bidirectional causal
relationship between digital transformation and the stability of commercial banks,
which may lead to severe endogeneity problems. We use the fintech development level
(FT) of the city where the headquarters of commercial banks are located as the instru-
mental variable for the digital transformation of commercial banks. On the one hand,
the fintech development level where the headquarters of commercial banks are located
has a technology spillover effect, which correlates with the digital transformation of
commercial banks and meets the correlation requirements of instrumental variables. On
the other hand, the fintech development level of the city where the headquarters of
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commercial banks are located will not directly impact the robustness of commercial
banks, which is in line with the exogeneity requirement of instrumental variables. This
paper refers to the practice of Li et al. (2020)!'% to construct regional fintech indicators.

Table 4 represents the regression results of the second stage using the instrumental
variable. We could find that even after controlling for endogeneity issues, digital trans-
formation can still promote the stability of banks.

Table 4. Result of using instrumental variables

DT Zscore

Q) 2
DT 0.0186™

(6.11)
FT 19.5296™*
(10.77)

Control Variables Yes Yes
Bank fixed effect Yes Yes
Year fixed effect Yes Yes
Obs. 369 369
Adj. R2 0.8231 0.8352
F-statistic 72.34

3.3  The moderating effect of capital regulation

We employ Equation (4) to test the moderating effect of capital regulation on the inlfu-
nece of digital transformation on the stability of commercial banks. As shown in Table
5, the coefficient of the interaction term of capital regulation (CR) and digital transfor-
mation (DT) is significantly positive, indicating that financial regulation can enhence
the promotion effect of digital transformation on the stability of banks.

Table 5. The moderating effect of capital regulation on the impact of digital transformation on
the stability of commercial banks

DT
1)
DT 0.0041***
(3.01)
CR 41.2470™
(8.21)
DTXCR 0.2729*"
(2.04)
Control Variables Yes
Bank fixed effect Yes
Year fixed effect Yes
Obs. 369

Adj. R2 0.8332
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4 Conclusions

This paper systematically analyzes the relationship between digital transformation and
commercial banks' stability. Using unbalanced panel data of 42 listed banks from 2013
to 2021 for empirical testing, we find that digital transformation has can positively ef-
fect on the soundness of commercial banks, and this conclusion is still valid after deal-
ing with the potential endogenous problem. Capital regulation can enhance the impact
of digital transformation on commercial bank stability.
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